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COMPOSITIONS AND PROCESSES FOR 
ACCELERATED WOUND HEALING USING 

NOVEL FIBROUS WEBBINGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t of provisional application 
Ser. No. 60/640,896, ?led Dec. 30, 2004 and German patent 
application DE 10 2004 063 599.4, ?led Dec. 30, 2004, the 
disclosures of Which are incorporated in their entirety herein 
by reference. 

FIELD OF THE INVENTION 

The present invention relates to a spun-bonded or ?brous 
Webbing-based multilayer bandage useful for accelerated 
Wound healing. 

BACKGROUND OF THE INVENTION 

A moist Wound closure is knoWn in the prior art (Blank, 
Wundversorgung und VerbandWechsel, Kohlhammer-Verlag, 
Stuttgart, 2001; Stalick, Br J Nurs 2004, 13(18):1107-1109; 
MetZger, Home Health Nurse 2004, 22(9):586-590). The 
problem With this type of Wound treatment is that the contact 
medium, for example, bandage gauze, plaster, etc., may con 
crete With the Wound during the heal-over process. As the 
contact medium is subsequently removed, the Wound is fre 
quently reopened, Which results in the destruction and 
removal of the neWly generated tissue. Clearly, the Wound 
healing process is unnecessarily sloWed doWn as a result. 
When using Wound dressing pads that do not adhere to the 
Wound, thereby preventing concretion of the dressing pad 
With the Wound, the Wound defect nevertheless lacks a sup 
port and guide structure to Which the neWly formed tissue is 
oriented and on Which it can groW. This condition leads, 
particularly in the case of deep Wounds, to the formation of a 
substantive defect. A further consequence is the formation of 
unnecessary and undesirable scarring. In clinical practice, 
this problem extends to all Wounds that involve not only the 
epidermis, but the corium as Well and, Where applicable, the 
subcutis (so-called “deep” Wounds), and requires reconstitu 
tion of both the epidermal layers, the corium and, Where 
applicable, the subcutis. 

The thickness of the epidermis (upper dermal layer) nor 
mally varies and, depending upon location, can measure from 
0.03 to 4 mm. Age and sex in?uence the thickness of the 
epidermis as Well. The epidermis contains no blood vessels, 
and is formed from keratinocytes. Keratinocytes are horn 
cells Which possess a cell nucleus and Which produce keratic 
material, or keratin. Keratin is Water repellant and imparts 
resiliency to the skin tissue. 

The underlying corium is a resilient layer of skin tissue 
containing a high ratio of loosely intertWining connective 
tissue. This layer may also vary in thickness, depending upon 
location. On the penis and eyelids the corium is a mere 0.3 
mm in thickness, Whereas on the hands and soles of the feet, 
it can measure as much as 2.4 mm. 

The aforementioned problems concern both sloW-healing 
or completely non-healing Wounds, such as the chronic dia 
betic-neuropathic ulcus, ulcus cruris, decubitus Wounds and 
secondary healing Wounds, as Well as non-irritating, primary 
healing Wounds (for example, ablative lacerations, excoria 
tions (in Which tissue has been graZed and thereby removed 
from the Wound), and split thickness removal sites. 
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2 
Biologically degradable and/or resorbable ?ber structures 

(silicon gel-?bers and ?ber structures) are knoWn from Ger 
man patent application DE-C 196 09 551 (incorporated 
herein in its entirety by reference). These ?ber structures are 
obtained by draWing ?bers from a spun composition and 
optionally drying them. The spun composition contains one 
or more partially or completely hydrolytically condensed 
silicon compounds derived by hydrolytic condensation of 
monomers of the general formula SiX4, Wherein residues X1, 
X2, X3, and X4 are identical or different and are either 
hydroxyl, hydrogen, halogen, amino, alkoxy, alkyloxy, alky 
lcarbonyl or alkoxycarbonyl, or are derived from alkyl-resi 
dues and can be interrupted by one or more oxygen atoms, 
sulfur atoms or amino groups. 
Methods for producing a skin tissue graft and/or cells, 

tissues and organs based on the aforementioned ?brous struc 
tures are also knoWn from WO 01/42428 and EP-A 01 262 
542. PCT publication WO 01/42428 (incorporated herein in 
its entirety by reference) describes a method for producing a 
skin tissue graft, in particular a skin tissue autograft, Wherein 
skin tissue cells are placed on the surface of a culture medium 
and alloWed to groW. This method is characteriZed in that a 
surface element, in particular an aforementioned biocompat 
ible, biodegradable and/ or bioresorbable ?ber, Webbing or 
fabric is placed on the culture medium along With the skin 
tissue cells. The ?bers of the surface element have a diameter 
ranging from about 5 pm to about 20 pm. The term “about” as 
used herein means approximately and refers to a range of 
values of plus or minus 10% of a speci?ed value. For 
example, the phrase “about 20 um” includes plus or minus 
10% of20 pm, or from 18 pm to 22 um. 
EP patent application EP-A 01 262 542 (incorporated 

herein in its entirety by reference) describes a method for the 
in vitro production of cells, tissues and organs, in Which the 
?ber matrix (see, DE-C 196 09 511) functions as a cell sup 
port substance and/or guide structure for the extra-cellular 
matrix formed by the cells, and makes it possible for the cells 
to ?nd a spatial orientation Whichpermits the cells to multiply 
and/ or to achieve their genetically determined differentiation. 

Realizing the limitations and shortcomings of the prior art 
described above and the need for a better contact medium for 
accelerated Wound healing, the present invention describes 
the developing and preparing of a contact medium, in its 
broadest sense a dressing, gauZe, plaster, capable of contact 
ing a Wound, but Without having to tolerate the aforemen 
tioned disadvantages such as concretion of the contact 
medium and the Wound, destruction of neWly formed tissue, 
unnecessarily sloW Wound healing, excessive scarring, and 
defective (healing) groWth. Thus, the present invention pro 
vides a contact medium, in particular a multilayer bandage, 
for Which it is possible to leave the contact medium in or on a 
moist Wound and to leave it in place even after the Wound has 
healed over, so as to not disrupt the healing process, to provide 
a guide structure for the neWly forming tissue, and lastly to 
prevent the formation of scarring. 

SUMMARY OF THE INVENTION 

While the present invention may be embodied in many 
different forms, several speci?c embodiments are discussed 
herein With the understanding that the present disclosure is to 
be considered only as an exempli?cation of the principles of 
the invention, and it is not intended to limit the invention to the 
embodiments illustrated. 
The present invention offers a solution to the above 

described problem. One aspect this invention describes a 
novel use of ?bers disclosed in German patent publication 
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DE-C 196 09 551 to produce a multilayer bandage for accel 
erated Wound healing. The ?bers are processed to form a 
Webbing Which may then be combined With many conven 
tional bandaging means, including, but not limited to, ban 
daging means that are applied directly onto or in a Wound. 
Hereinafter, this combination is referred to as a multilayer 
bandage, even Where reference is made not to a typical ban 
dage but rather to a plaster or compress or the like. 

Thus, in a preferred embodiment of the present invention, 
a multilayer bandage is provided Which comprises (i) a Web 
bing for placement in direct contact With a Wound having a 
periphery, and (ii) a ?rst membrane comprising at least one 
Water-insoluble polymer, Wherein the ?rst membrane is 
Water-impervious. The ?rst membrane may further comprise 
an adhesive portion, Wherein the adhesive portion adheres to 
skin tissue at the Wound periphery. Alternatively the ?rst 
membrane does not comprise an adhesive portion and bonds 
With an adhesive Which is applied to the skin tissue at the 
Wound periphery. BetWeen the ?rst membrane and the Web 
bing either no bond or a loose, frangible adhesive bond exists. 

In one embodiment of the present invention, the Water 
insoluble polymer of the ?rst membrane is selected from the 
group consisting of polypropylene (PP), polyvinylchloride 
(PVC) and polyurethane (PU). 

In one embodiment of the present invention, the ?rst mem 
brane is a self-adhesive hydropolymer. 

In a preferred embodiment of the present invention, the 
Webbing may also have a biologically degradable or resorb 
able ?ber structure. In another preferred embodiment of the 
present invention, the Webbing is a ?brous Webbing. 
A preferred Webbing of the present invention is a spun 

bonded Webbing that comprises at least one partially or com 
pletely hydrolytically condensed silicon compound. This 
?ber structure can be obtained by draWing threads from a 
spun composition Wherein the spun composition comprises 
the at least one partially or completely hydrolytically con 
densed silicon compound. The silicon compound comprises a 
monomer of the formula SiX4. SiX4 is a tetravalent com 
pound comprising residues Xl, X2, X3, and X4. In one 
embodiment, residues X1, X2, X3, and X4 are identical. In 
another embodiment, residues X1, X2, X3, and X4 are differ 
ent. In a preferred embodiment, residues X1, X2, X3, and X4 
are independently selected from the group consisting of 
hydroxyl, hydrogen, halogen, amino, alkoxy, alkyloxy, alky 
lcarbonyl and alkoxycarbonyl. In another embodiment, resi 
dues X1, X2, X3, and X4 are derived from an alkyl and can be 
interrupted by an oxygen atom, a sulfur atom or an amino 
group. In a preferred embodiment of the present invention, 
residues X1, X2, X3, and X4 are ethyl. 

The invention further provides a multilayer bandage 
Wherein the Webbing comprises an organic compound 
selected from the group consisting of a nucleotide, an amino 
acid and polymers thereof. A preferred organic compound is 
a morphogenic factor selected from the group consisting of a 
steroid, a cytokine, an interleukin, a bone morphogenetic 
protein, an antibody, TNF-ot, TGF-[31/2, IGF, PDGF, and EGF. 

In another preferred embodiment of the present invention, 
a multilayer bandage comprises (i) a Webbing for placement 
in direct contact With a Wound having a periphery, and (ii) a 
?rst membrane comprising at least one Water-insoluble poly 
mer, Wherein the ?rst membrane is Water-impervious; and 
(iii) a second membrane comprising at least one Water 
soluble polymer and Wherein the second membrane is dis 
posed betWeen the ?rst membrane and the Webbing. In a 
preferred embodiment, the Water-soluble polymer is car 
boxymethylcellulose. 
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4 
In one embodiment of the present invention, a loose, fran 

gible adhesive bond exists betWeen the second membrane and 
the Webbing. In another embodiment, no adhesive bond exists 
betWeen the second membrane and the Webbing. 

In one embodiment of the present invention, a bond exists 
betWeen the ?rst membrane and the second membrane. This 
bond can be a loose, frangible adhesive bond or a stable, 
non-frangible adhesive bond. In yet another embodiment, no 
bond exists betWeen the ?rst membrane and the second mem 
brane. 

In another preferred embodiment of the present invention, 
a multilayer bandage comprises (i) a Webbing for placement 
in direct contact With a Wound having a periphery; (ii) a ?rst 
membrane comprising at least one Water-insoluble polymer, 
Wherein the ?rst membrane is Water-impervious; and (iii) a 
dressing selected from the group consisting of an alginate, a 
collagen sponge, a polyurethane foam, a polyurethane foam 
pad, a hydrocolloid, a hydrogel and a hydropolymer, and 
Wherein the dressing is disposed betWeen the Webbing and the 
?rst membrane. In one embodiment, a loose, frangible adhe 
sive bond exists betWeen the dressing and the Webbing. In 
another embodiment, no adhesive bond exists betWeen the 
dressing and the Webbing. 

In other preferred embodiments of the present invention, (i) 
no adhesive bond (ii) a loose, frangible adhesive bond or a (iii) 
stable, non-frangible adhesive bond exists betWeen the dress 
ing and the ?rst membrane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a multilayer bandage in accordance With the 
present invention, ?tted into a Wound. 1, Webbing; 2, second 
membrane; 3, ?rst membrane; 4, Wound. 

FIG. 2 shoWs a sketch of a hole-type noZZle in an injector 
plate. 

FIG. 3 shoWs a schematic illustration of the galette-system 
and the air conditioning unit. 

FIG. 4 shoWs adhesion of cells to the surface of a ?ber 
(SEM analysis). FIGS. 4A and 4B shoW a SiX4-?ber of the 
present invention Without cells. FIGS. 4C and 4D shoW a 
SiX4-?ber of the present invention With cells and their excel 
lent adhesive and spreading properties. FIGS. 4E and 4E shoW 
a collagen ?ber With cells, Whose morphology is difficult to 
ascertain due to the course nature of the collagen matrix. 

FIG. 5 shoWs the shape and shrink resistance of an SiX4 
?ber of the present invention compared With collagen ?bers 
and PGA ?bers. The left hand column, from top to bottom, 
shoWs a collagen ?ber, a PGA ?ber and a SiX4 ?ber of the 
present invention prior to cell cultivation. The right hand 
column, top to bottom, shoWs a collagen ?ber, a PGA ?ber 
and a SiX4 ?ber of the present invention four Weeks after the 
start of cell cultivation. 

FIG. 6 shoWs the metabolic activity of cells (dermal ?bro 
blasts), measured by ?uorescence using the alamarBlueTM 
Assay, after 1, 2 and 4 Weeks of cultivation With a collagen 
?ber (Collagen), a PGA ?ber (PGA), and a SiX4 ?ber of the 
present invention (SIX) and, for purposes of comparison, 
Without ?bers (Cells). 

DETAILED DESCRIPTION OF THE INVENTION 

A. Manufacturing Fibers, Webbings, Membranes and Mul 
tilayer Bandages 
The present invention offers a solution to the problem 

described above. The present invention describes a novel use 
of ?bers (as described in German patent publication DE-C 
196 09 551) for producing and using a multilayer bandage for 
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accelerated Wound healing. The aforementioned ?bers can be 
formed into a Webbing and the Webbing When brought into 
contact With a Wound, accelerates Wound healing. As used 
herein, “contact” or “contacting” means to place in direct 
physical association. The Webbing may then be combined 
With all conventional dressings, in particular With those that 
are applied directly on or in a Wound, i.e., brought into direct 
contact With the Wound. This combination is referred to here 
inafter as a multilayer bandage, even Where reference is made 
not to a conventional bandage, but rather to a plaster, com 
press or the like. Thus, in a preferred embodiment of the 
present invention, a multilayer bandage comprises (i) a Web 
bing Which can be placed in direct contact With a Wound 
having a periphery, and (ii) a ?rst membrane comprising at 
least one Water-insoluble polymer, Wherein the ?rst mem 
brane is Water-impervious. In one preferred embodiment, the 
?rst membrane is an adhesive plaster (adhesive bandage) as 
further described herein. 
As previously described, moist Webbings can be produced 

from silicon-gel ?bers or ?brous structures (DE-C 196 09 
551). Thus, the term “Webbing” as used herein refers to a 
three-dimensional structure or arrangement made of ?bers or 
?brous structures, for example, silicon-gel ?bers. The general 
chemical formula relating to the monomer unit is SiOLXOH,C 
and the one relating to the polymer is Sin(OH)2_xO2n_x, 
Wherein x:0-1, that is x can be any number betWeen 0 and 1 
and including 0 and 1 . For example, in one embodiment of the 
present invention (see further beloW), x is betWeen 0.1 and 0.2 
and includes 0.1 and 0.2. Webbings of the latter formula, 
according to the present invention, can be placed in a Wound 
as support and guide structure and thus in direct contact With 
the tissue. New tissue forms at the Webbing that to some 
extent determines the groWth direction of the neWly formed 
tissue. With respect to Webbings, a differentiation is made 
betWeen ?brous Webbings and spun-bonded Webbings. In 
particular, spun-bonded Webbings, made of continuous single 
?bers, threads or single ?laments, are advantageous for 3-D 
applications, While ?brous Webbings are particularly suited to 
2-D applications. The terms “single ?ber,” “thread” or “single 
?lament” herein are used interchangeably. 
A method for producing single ?bers or single ?laments is 

described in the German patent application DE-C 196 09 551 
(incorporated in its entirety by reference). Here, one of skill in 
the art Will recogniZe and appreciate that numerous param 
eters, such as temperature, pressure, molar ratio of individual 
components, chemical nature of reactants of the solvent or of 
catalysts may be varied to produce particularly suitable ?bers 
and Webbings, for example, Webbings having high or loW 
biodegradability and bioresorbability. 

The method set forth in DE-C 196 09 551 is described once 
again in someWhat greater detail. In a preferred embodiment 
of the present invention, TEOS (tetraethoxysilane) is used as 
silane in a sol-gel-process. Likewise, all of the silanes or 
mixtures of at least tWo of the latter described in DE-C 196 09 
551 can be used in a multilayer bandage of the present inven 
tion. Silanes useful for the methods and compositions of the 
present invention are commercially available or can be syn 
thesiZed using methods knoWn in the art (“Chemie und Tech 
nologie der Silicone,” W. Noll, Verlag Chemie, Weinheim, 
1968) and include, but are not limited to, for example, 
Si(OMe)4, Si(OMe)3(OEt), Si(OMe)2(OEt)2, Si(OMe) 
(OEt)3, Si(OEt)4, Si(O-i-Pr)4, Si(OMe)3(O-i-Pr), Si(OMe)2 
(O-i-Pr)2, Si(OMe)(O-i-Pr)3, Si(OEt)3(O-i-Pr), Si(OEt)2(O 
i-Pr)2, Si(OEt)(O-i-Pr)3, Si(O-n-Pr)4, Si(OMe)3(O-n-Pr), 
Si(OMe)2(O-n-Pr)2, Si(OMe)(O-n-Pr)3, Si(OEt)3(O-n-Pr), 
Si(OEt)2(O-n-Pr)2, Si(OEt)(O-n-Pr)3, Si(O-i-Pr)3(O-n-Pr), 
Si(O-i-Pr)2(O-n-Pr)2, Si(O-i-Pr)(O-n-Pr)3, Si(OMe)(OEt)2 
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6 
(O-i-Pr), Si(OMe)(OEt)2(O-n-Pr), Si(OMe)(OEt)(O-i-Pr)2, 
Si(OMe)(OEt)(O-n-Pr)2, Si(OMe)(O-i-Pr)2(O-n-Pr), and 
Si(OMe)(O-i-Pr)(O-n-Pr)2. 

In the presence of an aqueous-alcohol solution (preferably 
an ethanol/Water mixture according to the present invention) 
Which serves both as a solvent (ethanol or ethanol/Water) and 
also as a reaction partner (Water) for the hydrolytic conden 
sation, a condensation product of a suitable degree of con 
densation is produced at ambient temperature or at slightly 
reduced temperature (from about 12° C. to about 15° C.). A 
preferred catalyst for the condensation is an organic acid 
including, but not limited to, for example, citric acid, succinic 
acid and tartaric acid. Such acids adjust the pH of the reaction 
mixture to approximately 3-4. Preferably, the condensation 
reaction is performed at a pH beloW 7. Undesirable particle 
formation or gel-like structures have been observed at pH>7. 
Thus, in a preferred embodiment of the present invention, the 
pH of the condensation reaction is <7, preferably the pH is <6, 
more preferred the pH is <5, even more preferred, the pH is 
<4. Particularly preferred is a pH range from about 3 to about 
4. 
The condensation product is rendered viscous by ?ltration 

and removal of the solvent (see DE-C 196 09 551). The 
product can be stored for a certain time (several hours up to a 
feW months) at temperatures below 00 C. upon formation of a 
so-called spinning sol (a spun composition, Which is the 
product of the polymeriZation/ condensation reaction). This is 
possible because at temperatures beloW 0° C. condensation 
occurs only very sloWly. 

In another preferred embodiment of the invention, a spin 
ning sol has a solids content of approximately 10%, ie the 
solvent ratio is approximately 90%. Solids in this context 
refers to the condensation products, such as oligomers and 
oligomeric structures. Also preferred in accordance With the 
present invention is a time period of from about 2-3 days from 
the onset of the condensation reaction until the spinning sol is 
obtained. 

In one embodiment of the present invention, a spinning sol 
is added to a pre-cooled (<0° C.) pressuriZed container, from 
Which it is forced out under pressure through small noZZles in 
the form of long, non-tearing, or tear resistant threads. The 
threads measure approximately 10 to 100 um in diameter and 
up to several meters in length (for example, 3-5 meters), 
depending on the siZe of the noZZles. As the threads are 
Wound, their length may optionally by extended and their 
diameter further reduced as a result of pulling (stretching) 
during take up (optionally in an aqueous-alcohol atmo 
sphere). 
The threads can be Wound at a speed of 100-1000 m/min, 

preferably at a speed of approximately 200 m/min. In one 
embodiment, the resultant spun threads are then passed over 
a roller and interlaced on a carrier strip. The threads on the 
carrier strip may be exposed to varying temperatures as a 
result of the carrier strip migrating across differing tempera 
ture Zones at an operating speed of 1-10 cm/min. Thus, over 
the course of a condensation reaction it is possible to adjust by 
any desirable number the OH-groups remaining in the ?bers 
(that is, the biodegradability and bioresorbability of the 
?bers). The threads can be abruptly cooled to —35° C. in the 
form of gel strands on the carrier strip. 

In a preferred embodiment of the present invention, the 
interlaced threads (continuous or endless ?bers) are com 
pressed to form a spun-bonded Webbing or a ?brous Webbing. 
Compression can be performed by means of a pressure roller. 
In another aspect, embroidering looms (pressure rollers With 
needles) can be employed. The up and doWn motion of the 
needles de?nes a fulling process that imparts added strength 
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to the Webbing. The pressure imparted by the roller With and 
Without needles is freely adjustable. In a preferred embodi 
ment of the present invention, the compression force is from 
about 1 MPa to about 10 MPa. Next, the Webbing is thermally 
treated, Wherein temperatures vary Within a range of from 
about —35° C. to about +65° C. Preferred is a temperature of 
beloW —5° C., more preferred a temperature of beloW —20° C. 

Such thermal treatment yields a structurally rigid sheet 
simultaneously exhibiting a su?icient number of silanol-, that 
is, uncondensed OH-groups, in the Webbing. The number of 
uncondensed OH-groups determines the degree of (bio)re 
sorbability: the more uncondensed OH-groups present, the 
greater the (bio)resorbability. Conversely, the feWer uncon 
densed OH-groups, the loWer the (bio)resorbability. By vary 
ing the retention times at different temperatures it is possible 
to adjust speci?cally the number of OH-groups. In a preferred 
embodiment of the present invention, the ?bers of the Web 
bing have approximately one OH-group per 5-10 Si-atoms, 
Which means in the formula above for the monomer unit 
SiO2_xOHx, that x:0.1-0.2. 

In a further, optional step, the Webbing is thermally treated 
at a temperature of 50° C. or to a temperature above 50° C. in 
order to remove, to the extent desirable, most though not all of 
any remaining Water and ethanol. This can be done, for 
example, from the solvent, as Well as from the remains of the 
starting silane, in particular in the case of TEOS as starting 
silane. Thus, in a preferred embodiment of the present inven 
tion, a Webbing, in particular a spun-bonded Webbing, retains 
a su?icient amount of residual moisture. Thereby it is pos 
sible to stabiliZe the thermodynamically unfavorable gel state 
(?bers With uncondensed OH-groups in the Webbing) com 
pared to the SiO2 state (?bers Without uncondensed OH 
groups, i.e. glass ?bers, in the Webbing), Which is more stable 
at room temperature. A spun-bonded Webbing produced in 
this manner retains its gel state for a period of several months 
When enclosed in an airtight packaging or container. It has 
been found that the presence of residual ethanol, but also that 
of Water is particularly advantageous in this regard. This may 
be because condensation toWards SiO2 ceases to continue in a 
(saturated) ethanol-atmosphere. This can even be reversed 
leading to the bioresorbability of the ?bers. 

The method described above is used in the production of a 
spun-bonded Webbing. A ?brous Webbing, sometimes also 
referred to as needle-punch Webbing, may also be produced in 
this manner. As part of this process, the ?bers are cut into 
pieces folloWing the spinning step. The resultant staple ?bers 
are 01-10 cm in length. Next, the staple ?bers are cast onto a 
carrier strip, compressed, needle punched and subjected to 
thermal treatment of the type described above. Unlike spun 
bonded Webbings, ?brous Webbings have no characteristic 
3D-structure. Hence the latter are frequently employed in 2D 
applications, including, but not limited to, for example, sur 
face Wounds in the upper epidermal region. Thus, in a pre 
ferred embodiment of the present invention, a ?brous Web 
bing is used in the treatment of a super?cial Wound (i.e., a 
Wound on the surface), including, but not limited to, Wounds 
in the upper epidermal region. In general, it can be noted that 
at the ?ber level, ?brous Webbings exhibit generally greater 
stabilities and are thus better suited at mechanically loaded 
sites, for example, preferred in treating skin tissue Wounds, 
rather than muscle Wounds. 

The ?ber production as described above is carried out by 
Way of a sol-gel process on a machine that may have the 
folloWing dimensions: approximately 5 m long, approxi 
mately 2 m Wide and approximately 6 m high. The Weight of 
the machine in the area beloW the spin toWer generates a 
pressure ranging from about 850 to about 1,000 kg/m2. 
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Machine dimensions may, hoWever, deviate considerably 
from those cited herein depending upon the equipment and 
productive capacity. For production, the machine requires 
cool Water circulation With an adequate Water supply and 
preferably a high-voltage connection. 
The machine as described above is used for producing the 

?bers. Depending on the desired product, one or more addi 
tional processes may be added to the machine, such as a loom 
for producing a Webbing. 

Fibers of the present invention can also be produced on an 
air-conditioned spinning machine (FIG. 3). The air-condi 
tioned spinning machine is supplied With air by an ambient 
air-driven air conditioning unit. The air has a speci?c tem 
perature and humidity. Preferably, the temperature of the air 
ranges from about 10° C. to about 40° C., most preferred the 
temperature is about 20° C. An example of such a unit is the 
climate testing cabinet manufactured by Weiss UmWelttech 
nik GmbH, model designation SB22/160/40-UKA, Which 
Was re-equipped by Weiss UmWelttechnik for recirculating 
air. To prevent disruptions caused by convection in the recir 
culating air, a tube 300 mm in diameter With 3 mm rounded 
holes is inserted into an insulated spinning toWer 2 m in length 
and having an outer diameter of 680 mm. The spin toWer is 
connected to a box Within Which the Winding devices for the 
aforementioned continuous ?bers or ?laments are disposed. 
For purposes of adequate insulation, the panes of the box are 
made of WindoW glass (24 mm thickness) having a K-value of 
1 .1 . The air exiting the box is fed back to the air conditioning 
unit and reconditioned. The climate measuring sensor is not 
the interior space of the unit, but rather an external sensor 
disposed in the spin shaft. The air-conditioning unit is con 
trolled (optionally also manually) by link-up to a PC supplied 
With the appropriate manufacturer softWare. Temperature and 
humidity programs, in addition to all other requisite unit 
settings, may be preset With the use of the PCC_WIN, Version 
1 .05 softWare. During the spinning operation a plotter may be 
used to display temperature and humidity on a time controlled 
basis. An additional temperature sensor has been attached for 
monitoring the outside temperature. This value is also 
recorded digitally. In the event the spinning machine is pro 
vided With process control engineering, all essential measur 
ing points are ?tted With an analog output. 
The incoming and outgoing air connections betWeen the air 

conditioning unit and the spin toWer or box consist of ?exible, 
double-insulated hoses With an interior diameter of 100 mm 
(exterior diameter: 250 mm). Each of the connectors is 
encased in Arma?ex. Since potentially ethanol may be 
released from the spun composition during the spinning 
phase, Which can accumulate Within the closed loop of the air 
conditioner, spin toWer and box, the machine has been 
equipped With a gas haZard Warning device manufactured by 
GfG Gesellschaft ?ir Geratebau. One measurement trans 
ducer each, calibrated to ethanol, model designation MWG 
0238 EX, has been mounted in the box directly adjacent the 
motors, and in the testing chamber of the recirculated air 
conditioning unit. An evaluation unit (GMA 100-BG) sounds 
an initial alarm if the concentration of ethanol in the chamber 
air reaches 25% of the loWer explosive limit of the ethanol, 
and a second alarm if the concentration reaches 50% of the 
loWer explosive limit. An alarm is also triggered in the event 
the measurement transducer experiences an outage or mal 
functions. 

Disposed at the upper end of the spinning toWer is a slide 
gate valve and intermediate ?ange With three potential points 
of connection to Which the double-Walled, outWardly insu 
lated spinning head is mounted. According to the test report 
on pressure testing the spinning head is suited to a pressure of 
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up to 50 bar (5><106 Pa). At an inner diameter of 45 mm, the 
spinning head holds 0.33 liters of spun composition. 
An injector plate is mounted to the spinning head from 

below. The plate, measuring 89 mm in diameter, has an inset 
1.5 mm in depth into Which a stainless steel mesh encased in 
aluminum is inserted. The Wire screen is bi-layered, the ?rst 
layer having a mesh siZe of 80 pm. 
A second support layer has a mesh siZe of 315 pm. The 

aluminum casing around the Wire mesh is designed so that as 
the netting is placed in the injector plate, the former protrudes 
by 0.5 mm. If the plate With the mesh is screWed onto the 
spinning head at 15 Nm, the compressed Al-ring then sup 
plies the requisite seal betWeen the spinning head and plate. 
Seven and 19-hole injector plates Were used. A hole is pre 
bored to Width of 3.0 mm, the hole diameter being 0.15 mm. 
A capillary length of 0.45 mm results in an L/D ratio of 3. A 
sketch of a hole-type noZZle in an injector plate is shoWn in 
FIG. 2. 

The double-Walled spinning head is temperature-equalized 
With the aid of a thermostat manufactured by LAUDA (model 
designation RE 1 12), in Which the feed and exhaust hoses are 
insulated With Arma?ex. 

Inserted into the three intermediate ?ange connections 
betWeen the spinning head and toWer are vieWing WindoWs 
Which permit observation of the threads exiting the noZZles. 
In designing a device for depositing ?laments, consideration 
Was also given, apart from a Winding unit, to the possibility of 
?ber deposition by Way of a gas feed noZZle. For this purpose 
a system for Warping the ?laments Was constructed of 2 
galettes 159 mm and 220 mm in length, respectively, in Which 
the rear galette is angled 8° With respect to the front galette. 
The poWer drive is a motor-tacho-combination (model des 
ignation S4.3 G60) and gearing (model designation 381, 3 .71: 
1) manufactured by Faulhaber. The rotational speed of the 
?rst galette is automatically transferred to the second galette. 

Using a Warp regulator the rotation of the second galette 
may be increased by up to 10%. A third galette serves as a 
Winder and can be operated independently of the Warp unit. 
The former is composed of a mandrel, also actuated by a 
Faulhaber motor-tacho combination, to the former of Which a 
cardboard roller may be clamped. The cardboard roller is 
composed of ?ve individual circular segments that are spring 
designed and bound together to form a circular diameter of 
159 mm. When released, the diameter of the roller is reduced 
from 159 mm to 143 mm. A Te?on ?lm is glued to the exterior 
of the ?ve segments. 

The third galette is mounted on a charging unit manufac 
tured by Isel-Automation. Using a stepping motor, model 
designation 160 MCM, the Winding apparatus is chargeable 
to a length of 500 mm. The charging frequency from the 
forWard and return traverse of the unit may be adjusted to 
values ranging from 2 to 16 min-1, and a second control unit 
can be used to move the galette manually. A control unit for 
the galette motors and the charging stepping motor Were 
manufactured from Controllers (IT 142-C), a single-axle 
stepping motor control With adapter card and a control card 
(UMS 6) from Isel-Automation. A schematic illustration of 
the galette-system and the air conditioning unit is shoWn in 
FIG. 3. 

Hereinafter, unless stated differently, the term Webbing is 
used synonymously for spun-bonded Webbing and ?brous 
Webbing. In a preferred embodiment of the present invention, 
a Webbing is used to contact a Wound having a periphery. The 
Webbing is placed in or on the Wound. The Wound is either a 
primary serous secreting Wound or is secondarily provided 
With a physiological solution, such as 0.9% sodium chloride 
solution, infused extemally. Because the Webbing is resorbed 
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10 
into the Wound during the healing process, there is no need for 
its removal during healing or after the Wound has healed. 
The ?ber density can be freely adjusted during the Webbing 

compaction process and is variable depending upon the 
nature and depth of the Wound. In a preferred embodiment of 
the present invention, a Webbing is applied in or on a Wound 
that is about 1-20 mm in depth, preferably about 2-12 mm, 
dependent mainly upon the thickness of the epidermis. In 
other embodiments, the Webbing is applied to a Wound larger 
than about 20 mm. Thus, the tissue guiding effect of the 
Webbing is also Working in larger Wound extensions that is in 
Wounds larger than about 20 mm. 

Moreover, by varying the production parameters of the 
continuous ?bers and the Webbings (for example, varying the 
residue(s) X in SiX4, reaction conditions for the hydrolytic 
condensation, or the ratio of non-polymeriZed OH-groups, 
and the like; see DE-C 196 09 551), it is possible to adjust the 
resorption rate of the ?ber and consequently the resorption 
rate of the Webbing and to adapt them to the conditions of the 
Wound. Thus, it is feasible to adjust the resorption rate, for 
example, from about 3 to about 180 days depending upon 
requirements, With the interval being upWardly extendable as 
seamlessly as desired. 

It is possible to control the resorption rate of the Webbing 
and to adapt it to the moist conditions in the Wound by varying 
the number of OH-groups in the ?bers, respectively in the 
Webbing, or by adding morphogenic factors (healing accel 
erators, as described further beloW). Morphogenic factors 
useful in the compositions and methods of the present inven 
tion include, but are not limited to, for example, a steroid, a 
cytokine, an interleukin, a bone morphogenetic protein, an 
antibody, TNF-ot, TGF-[31/2, IGF, PDGF, and EGF. The mor 
phogenic factors can be bonded to the ?bers (Within the 
Webbing) either chemically via OH-groups or physically by 
Way of physical resorption on the extremely large, highly 
hydrophilic surface. Thus, in a preferred embodiment of the 
present invention, a functional OH-group is present on every 
?fth to tenth Si-atom. By “functional OH-group” herein is 
meant an open reaction site in the form of an OH-group to 
Which another compound can be coupled to the Webbing via 
hydrogen bridges or condensation. In one embodiment of the 
present invention, the compound that is coupled to a func 
tional OH-group of a Webbing is a medication, Which is then 
later released incrementally into the Wound (drug release). A 
medication useful for the methods and compositions of the 
present invention include, but are not limited to, for example, 
an antibiotic, an antimycotic and other drugs having a local or 
systemic effect. Other useful compounds that can be coupled 
to the Webbing in a similar Way are nucleotides, amino acids 
and polymers thereof as described further herein. Resorption 
rates ?uctuate at approximately 30 days. 

Degradation products (SiO2 and SiO(OH) as nano-par 
ticles) typically are about 0.5-1 nm in diameter. A precise 
structure clari?cation is obtainedusing Si-solid state NMR, in 
particular by measuring the Q4 mode. 

In a preferred embodiment of the present invention, the 
pressure applied in the spinning process is from about 1 bar to 
about 10 bar (105-106 Pa), preferably from about 2 bar to 3 
bar. 

Rates of reaction in the spinning process are preferably 
from about 20 s to about 60 s. 

Temperatures applied to the spinning process are prefer 
ably maintained at from about 15° C. to about 23° C., and 
particularly preferred at about 20° C. 
An unexpected and surprising ?nding Was that, most likely 

as a result of the ?ber geometry, an acceleration in the healing 
of the Wound (tissue guiding) is achieved. In this process the 
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tWo-and three-dimensionally arranged, highly hydrophilic 
gel ?bers function as a scaffolding to Which the proliferating 
cells are able to adhere and to form a localized mostly col 
lagen matrix. The chemical environment of the ?bers is nearly 
pH neutral (pH 7.0102) and no organic decomposition prod 
ucts are formed. Thus, no antigenic reaction or irritation in the 
neWly generating cells is observed. Rather, the Wound healing 
process is continuously stimulated physiologically, because 
of the accumulation of the aforementioned morphogenic fac 
tors some of Which are also secreted from the Wound to a 
certain extent. In contrast to organically derived gel-like and 
viscous matrix materials, such as collagen, hyaluronic acid, 
and ?brin, there is no potential risk of infection in the case of 
anorganic ?bers With knoWn (HIV, HBV, BSE, prions) and to 
date unknown sources of infection. In addition, material 
parameters may be very precisely de?ned and adjusted Where 
anorganic materials are involved. This enhances considerably 
the quality and property pro?le of the compositions of the 
present invention as compared to organic materials. 

In a preferred embodiment of the present invention, the 
Webbing is manufactured in a saturated alcohol solution as 
described herein. Hence, the Webbing is sterile. The siZe of a 
Webbing may be variously selected and is adaptable to the 
dimensions of currently available Wound dressing pads. Pref 
erably, the siZe of a Webbing is 10 cm><10 cm, 5 cm><5 cm or 
2.5 cm><2.5 cm. Other siZes are freely selectable as Well and 
may be chosen based on the siZe of the Wound. 
A Webbing of the present invention can be suitably stored 

in a variety of Ways. For example, the Webbing is packed in a 
sterile and densely manner (eg in aluminum) and stored or 
dispatched for future processing. A supplemental depot, such 
as cotton impregnated With alcohol may also be added to the 
sterile packaging to maintain the saturated alcohol atmo 
sphere. 
As an alternative for storing, the Webbing is directly pro 

cessed to form a multilayer bandage (see, FIG. 1), that is, it 
can be bonded to a Water impermeable (Water-impervious) or 
semi-permeable membrane. The membrane, referred to 
herein also as a ?rst membrane, may be an adhesive plaster 
(adhesive bandage). The membrane may also comprise a 
polyurethane or polyester ?lm. In one embodiment of the 
present invention, the ?rst membrane has adhesive properties 
and is referred to as adhesive plaster. The ?rst membrane or 
adhesive plaster is indicated as 3 in FIG. 1. 

During the entire preparation and production periods (from 
the production of the ?bers to the placement of the Webbing in 
or on the Wound), the ?bers and Webbings are preferably 
maintained in a saturated alcohol-atmosphere, in order to 
prevent ongoing condensation of the silicon laden ?brous 
material and a resultant loss of biodegradability of the ?bers. 
This is accomplished, for example, by means of a so-called 
in-line production process in Which production proceeds 
Within a saturated alcohol atmosphere until the ?nal product 
is obtained. This provides the added advantage that once the 
?nal Webbing or multilayer bandage is produced, no steril 
iZation (for example, a gamma sterilization) is required. 

1. Fiber Characteristics 
A ?ber of the present invention has several advantages over 

conventional biodegradable and/or bioresorbable biomateri 
als and can be distinguished from those by at least four fea 
tures or characteristics. First, a ?ber of the present invention 
alloWs for improved cell adhesion (adherence of cells to the 
?ber). Second, a ?ber of the present invention facilitates cell 
proliferation (multiplication of cells). Third, a ?ber of the 
present invention maintains its form and stability. Fourth, a 
?ber of the present invention maintains the long-term cell 
proliferation and cell metabolism. 
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a) Enhanced Cell Adhesion 
The distinctive geometry and morphology of the ?ber of 

the present invention make possible, Without exception a 
more rapid initialiZation and qualitatively enhanced adhesion 
of cells to the surface of the ?ber, as compared to conventional 
bioresorbable materials, such as polyglycol acid (PGA), algi 
nates and collagens (FIG. 4). This leads to a more rapid and 
safer dispersion and outgroWth of cells along the ?bers situ 
ated in the Wound into all regions of the Wound. In addition, 
having cells that adhere to the ?bers also favors a reliable 
dispersion of neWly formed cells distant to the ?ber (cell 
compound proliferation). This advantageous property of the 
?ber of the present invention can be demonstrated by scan 
ning-electron-microscopy (SEM), in histological and immu 
nohistological studies and by confocal microscopy. 

b) Accelerated Cell Proliferation 
Unlike conventional biodegradable/bioresorbable materi 

als, the distinctive geometry and morphology of a ?ber of the 
present invention alloWs for cell proliferation that is more 
rapid, has an earlier onset, is accelerated and enhanced and is 
of longer duration or maintenance. This property furthers the 
advantages cited above With respect to using the ?ber’s char 
acteristics to facilitate a more rapid and qualitatively 
enhanced adhesion of cells to the surface of the ?ber. 
The metabolic activity of the cells can be measured using 

the alamarBlueTM Assay (Biosource International, Inc., 
Camarillo, Calif., USA; see also, Ahmed et al., J. Immunol. 
Meth. 1701211-224 (1994); Back et al., J. Neurosci. Methods 
91(1-2)147-54 (1999); Collins et al., Antimicrobial Agents 
and Chemotherapy 41(5)11004-1009 (1997); Desaulniers et 
al., Toxicol. In VlZI’O 121409-422 (1998); Lelkes et al., In VlZI’O 
Cell. Dev. Biol-Animal 331344-351 (1997); Shahan et al., J. 
Immunol. Meth. 1751181-187 (1994)). The alamarBlueTM 
Assay (alamarBlueTMiReduction) is brie?y described. The 
internal environment of proliferating cells is more reduced 
than that of non-proliferating cells. Speci?cally, the ratios of 
NADPH/NADP, FADH/FAD, FMNH/FMN, and NADH/ 
NAD increase during proliferation. Compounds such as 
alamarBlueTM, Which can be reduced by these metabolic 
intermediates, can be used to monitor cell proliferation. The 
oxidation-reduction potential of alamarBlueTM is +380 mV at 
pH 7.0, 250 C. alamarBlueTM, therefore, can be reduced by 
NADPH (Eo:—320 mV), FADH (Eo:220 mV) FMNH 
(Eo:—210 mV), NADH (Eo:—320 mV), as Well as the cyto 
chromes Eo:290 mV to +80 mV). As alamarBlueTM accepts 
electrons from these compounds, it changes from the oxi 
diZed indigo blue, non-?uorescing state to the reduced ?uo 
rescent pink state. Proliferation can then be monitored spec 
trophotometrically either by color measurement or 
?uorescence. 
The metabolic activity of the cells as determined by this 

alamarBlueTM Assay as a reference parameter for cell prolif 
eration and cellular activity, is signi?cantly increased after a 
short to mid-range period of time of 1, 2 and 4 Weeks, as 
compared With conventional materials such as PGA and col 
lagen (FIG. 6). The ratio of cell metabolic activity With a PGA 
matrix, a collagen matrix or a SiX4 matrix (?ber of the present 
invention) is 115111 (1 Week), 2.5 11:6 (2 Weeks)and 1.210.816 
(4 Weeks). Initially, (after 24 hours) the ratio Was only 1 14.514, 
hoWever. This shoWs that the advantages of the ?ber of the 
present invention become apparent after a relatively lengthy 
time period of at least one Week, more so by 4 Weeks. 

c) Maintenance of Fiber Shape and Stability 
SEM analysis, and histological and macroscopic studies 

con?rmed that a ?ber of the present invention, unlike conven 
tional bioresorbable materials, alloWs for long-term mainte 
nance of the three-dimensional shape of the ?ber and a 
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delayed (sloW) contraction of the three-dimensional ?ber 
con?guration. The ?ber geometry and morphology remain 
largely intact. Conventional materials such as PGA and col 
lagen shrink (sinter) over a period of 4 Weeks by a factor of 4 
or 6 and in some cases, also lose their shape. In contrast, a 
?ber of the present invention fully retains its shape and sta 
bility over the same time period. This phenomenon is illus 
trated in FIG. 5. This fact ensures a stable build-up of neWly 
formed tissue and it also guarantees adequate diffusion of 
nutrients and metabolic products even in the case of large 
Wounds. 

In addition, unlike materials With less structural stability 
knoWn in the prior art and used for this purpose such as PGA 
or collagen, this fact also enables and promotes the groWth of 
neW vessels. Thus, neW vessel and tissue groWth in large 
Wounds and the healing thereof, is made possible for the ?rst 
time using a ?ber of the present invention. 

In this regard, an important aspect is the shape stability of 
the ?ber of the present invention, especially in the area of the 
skin, Which has a mechanical stabiliZing effect. Using the 
multilayer bandage of the present invention, the neWly 
formed tissue is adequately supplied With nutrients. Supply 
ing nutrients occurs not only by diffusion, but also by direct 
transport of the nutrients through the neWly formed vessels 
and tissues in the open-pored Webbing. With regard to shape 
retaining of the ?ber the positive characteristics described for 
cell proliferation, cell adhesion are adding to this. Mainte 
nance of ?ber shape and stability Was displayed using the 
folloWing analytical tools: scanning-electron microscope 
(SEM), histology and macroscopy 

d) Long-Term Maintenance of Cell Proliferation and Cell 
Metabolism 

Unlike conventional bioresorbable biomaterials, the dis 
tinctive geometry and morphology of a ?ber of the present 
invention facilitates maintenance of cell proliferation over a 
long period of time thereby achieving reliable tissue build-up 
and regeneration. Cellular metabolic activity, determined 
using the alamarBlueTM Assay as a reference parameter for 
cell proliferation and cellular activity, is superior after a 4 
Week period using the SiX4 ?ber of the present invention, as 
compared to conventional biomaterials such as PGA and 
collagen. The ratio for collagenzPGAzSiX4 is 1:15:12 (FIG. 
6). 

B. Multilayer Bandages 
A typical multilayer bandage in accordance With the 

present invention, placed in or on a Wound, is shoWn in FIG. 
1. HoWever, other multilayer bandages are also contemplated 
Within the scope of the present invention and these are pre 
sented beloW. 

In a preferred embodiment of the present invention, a mul 
tilayer bandage comprises (i) a Webbing (shoWn schemati 
cally as 1 in FIG. 1), (ii) a ?rst membrane (shoWn schemati 
cally as 3 in FIG. 1), and (iii) a second membrane (shoWn 
schematically as 2 in FIG. 1). 

In one embodiment of the present invention, the ?rst mem 
brane (3) comprises an adhesive membrane or an adhesive 
?lm. The ?rst membrane (3) is then also referred to as an 
adhesive plaster or adhcsivc bandagc. In this embodiment, the 
?rst membrane (3) or adhesive plaster represents a dressing. 
In another embodiment, the ?rst membrane (3) is a simple, 
Water impervious or semi permeable membrane or ?lm. Add 
ing the second membrane (2) prevents the Webbing (1) from 
being removed from the Wound (shoWn schematically as 4 in 
FIG. 1) When detaching or changing the outer-disposed ?rst 
membrane (3) or adhesive plaster. The ?rst membrane (or 
adhesive plaster) (3) ensures that by using the multilayer 
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bandage of the present invention, the Wound (4) is securely 
sealed off to the surrounding environment. 
The second membrane (2) is placed on the Webbing (1), 

that is, betWeen the Webbing (1) and the ?rst membrane (3). 
According to one embodiment of the present invention, the 
second membrane (2) is not tightly attached With the Webbing 
(1) nor With the ?rst membrane or adhesive plaster (3). Still, 
it is possible to form a tight attachment betWeen the second 
membrane (2) and the ?rst membrane or adhesive plaster (3). 
Here it is essential that When removing the ?rst membrane or 
adhesive plaster (3), no portion of the Webbing (1) and the 
neWly generated tissue are [ ] removed. The second mem 
brane (2) may also be attached to the Webbing (1). The attach 
ment of the second membrane (2) to Webbing (1) is achieved, 
for example, by means of hydrogen bridges. 
The second membrane (2) may comprise a Water-soluble 

polymer (for example, any polymer that does not bond or 
stick to the Webbing). Preferably a Water-soluble polymer of 
the second membrane (2) is carboxymethylcellulose (CMC). 
Here, the choice of polymers is not crucial (one may feasibly 
employ Water-soluble collagens or ?brin gels), since the sec 
ond membrane (2) simply ensures that the adhesive mem 
brane or ?lm of the ?rst membrane or adhesive plaster (3) 
does not adhere to the Webbing (1). This embodiment is 
shoWn in FIG. 1. 

In another embodiment of the present invention, the mul 
tilayer bandage does not comprise the second membrane (2). 
In this embodiment, the second membrane (2) is dispensable, 
insofar as a dressing is used that does not adhere to the Wound 
and functions additionally like a second membrane and/or 
renders the latter unnecessary. Dressings of the type that do 
not adhere to Wounds comprise alginates (in compress form 
or as tamponades), collagen sponges, polyurethane foams 
and foam pads, hydrocolloids, hydro gels and hydropolymers. 
In this case, the ?rst membrane (or adhesive plaster) (3), in 
order to seal off the Wound as shoWn in FIG. 1, is fastened by 
means of an adhesive (on the undamaged skin tissue sur 
rounding the Wound). Preferred adhesives for the methods 
and compositions of the present invention include, but are not 
limited to, for example, poly-acylate adhesive, (India) rubber 
adhesive, and synthetic (India) rubber adhesives manufac 
tured by a hot-melt method as knoWn in the art. 

In yet another embodiment of the present invention, the 
multilayer bandage comprises a dressing. A dressing used in 
the methods and compositions of the present invention seals 
off the Wound to the surrounding environment. The dressing 
can be applied to the Webbing (1), for example, on top of the 
Webbing (1). Preferably, the dressing does not adhere to the 
Wound (4) (and thus again functions like a second membrane 
(2) and/or renders the latter unnecessary), but still has adhe 
sive properties and thereby seals the Wound (4) off from the 
outside. In a preferred embodiment of the present invention, 
the dressing is a foam bandage, in particular a polyurethane 
foam bandage, because such foam bandages have a high ?uid 
storage capacity (Bello and Phillips, JAMA 283(6):716-718 
(2000); Degreef, Dermatol Clin 16(2):365-375 (1998); Find 
lay, Am Fam Physician 54(5):1519-1528 (1996); Habif, 
Clinical Derm, Moshby, pp. 810-813 (1996); Knapp, Ped 
Clin N Am 46(6):1201-1213 (1999); Krasncr, Prcvcntion 
Management Pressure Ulcers, (1995); LeWis, Med-Surg 
Nursing, Moshby, pp 199-200; Lueckenotte, Gerontologic 
Nurs, Moshby, pp. 800-807 (1996); PUGP, Am Fam Physi 
cian, 51(5):1207-1222 (1995); PUGP, Pressure Ulcer Treat 
ment, AHCPR 95-0653 (1994); Way, Current Surgical, 
Lange, pp. 95-108 (1991)). Foam bandages particularly use 
ful for the methods and compositions of the present invention 
include, but are not limited to, for example, foam dressing 
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from 3M, Silastic from DoW Corning (distributed by Calmic 
Medical Division), Allevyn from Smith and Nephew, und 
Lyofoam from Seton Healthcare Group plc. 

According to still another embodiment of the present 
invention, it is possible to omit completely (Without substitu 
tion) the second membrane (2) When the ?rst membrane (3) 
(in this case not necessarily adhesive) is applied directly to the 
Webbing (1). In this embodiment, the adhesive membrane or 
?lm of the ?rst membrane (or adhesive plaster) (3) forms an 
adhesive bond exclusively With the skin tissue on the perim 
eter of the Wound (4), thereby making it impossible for the 
?rst membrane (3) to bond With the Webbing (1). This is 
achieved, for example, by applying to the skin tissue on the 
Wound periphery an adhesive, for example, LeukosprayTM 
(Baiersdorf), prior to the occlusion process. In such case, the 
?rst membrane (3) is itself non-adhesive and is thus more 
accurately characterized as a ?rst membrane (3), rather than 
adhesive plaster or adhesive bandage. Alternatively, this can 
be achieved by selecting or cutting to siZe the ?rst membrane 
or adhesive plaster (3) to correspond to the siZe of the Wound 
(4). In this case, the adhesive plaster is adhesive only at those 
points not directly contacting the Wound (4). 

According to the present invention the ?rst membrane (3) 
is composed of a Water-impervious ?lm made of at least one 
Water-insoluble polymer. The Water-insoluble polymer, for 
example, can be polypropylene (PP), polyvinylchloride 
(PVC) or polyurethane (PU). In another embodiment of the 
present invention, the ?rst membrane (3) further comprises an 
adhesive conventionally used in bandage technology, Which 
preferably exhibits particularly strong skin tissue compatibil 
ity. Adhesives particularly useful for the methods and com 
positions of the present invention include, but are not limited 
to, for example, polyacrylate adhesives and synthetic (India) 
rubber adhesives. These are hypoallergenic and have strong 
tissue compatibility. The adhesive canbe applied to the Water 
impervious ?lm immediately upon or prior to assembly of the 
multilayer bandage. HoWever, it can also be applied or 
sprayed by the user, as described above, to an area on the 
perimeter of the Wound, or to the membrane or ?lm. 
A Water-impervious adhesive plaster (3) or Water-impervi 

ous ?rst membrane (3) ensures that no moisture can evaporate 
outWardly, thereby maintaining permanently a moist Wound 
environment Which aids in the resorption of the Webbing 
?bers. Resorption of the ?bers also causes substances poten 
tially bound to the ?bers to be released, that is, a release and 
accumulation of ions (for example, Ag-ions), medications 
(for example, an antibiotic, an antimycotic, or a corticoid) or 
morphogenic factors. Morphogenic factors (also referred to 
as morphogenes), to be used in the methods and compositions 
of the present invention include, but are not limited to, for 
example, a steroid, a cytokine, an interleukin, a bone mor 
phogenetic protein (BMP), an antibody, TGF-B, IGF, TNF-ot, 
PDGF, and EGF. Morphogenic factors are also formed to a 
certain extent by the organism during Wound healing. Gener 
ally, morphogenic factors exert a favorable in?uence on, and 
are indispensable for proper Wound healing. 

The Water solubility of the polymer of the second mem 
brane (2) makes it easy to loosen the membrane (When 
present) after a certain period of exposure. This is possible 
because the hydrous Wound exudates gradually loosens the 
Webbing (1) from the second membrane (2) so as not to result 
in damage to the tissue as the second membrane (2) is lifted 
of. To reduce the risk of infection, polymers doped With silver 
are advantageously employed as a second membrane (2). 

In the case of particularly large Wounds (>10 cm2) a ?oat 
ing bandage is expedient, because under certain circumstance 
the adhesive forces of a second membrane (2) to the Webbing 
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(1) Would become too great. In such cases it is possible to use 
a separation medium in the form of hydrogels as a thin (<5 
mm) ?oating layer. 

If needed additional bandage material (for example, ban 
dage gauZe) or other materials, such as for padding or protec 
tion may be applied to the multilayer bandage as described in 
its various embodiments according to the present invention. 
Thus, Within the scope of the present disclosure a distinction 
is made betWeen dressing and bandage material. In one 
embodiment of the present invention, dressing is a component 
of the multilayer bandage. Bandage material is basically used 
as a pad for protection of the Wound. There is no direct contact 
betWeen bandage material and Webbing, i.e., betWeen ban 
dage material and the bioresorbable ?bers. 

Prior to placing the Webbing (1) in or on a Wound (4) or 
further processing it to form a multilayer bandage (i.e. after 
manufacture, in storage or during transport, be it as Webbing 
(1) only or forming a multilayer bandage), it is preferable to 
insulate With a thick membrane the surface of the Webbing 
that is subsequently in contact With the Wound. This mem 
brane serves to prevent leakage of the alcohol. This mem 
brane can easily be removed by the user, optionally directly 
prior to application on the Wound. It is important to note that 
alcohol, as discussed above, stabiliZes the sterility and chem 
istry of the ?bers, but it is extremely painful When brought in 
contact With the Wound. Therefore, in accordance With 
another preferred embodiment of the present invention, 
physiological saline may be used as a medium. Alternatively, 
it is possible to evaporate or rinse out the alcohol prior to use. 

Typical dressings to Which the Webbing may be ?tted 
include, but are not limited to the folloWing products (by 
trademark): Dermaplast Film/ActiveTM and HydractiveTM; 
Hydro?lm PlusTMTM; HydrocollTM (Hartmann); Comfeel 
(-Plus)TM, BiatainTM, SeasorbTM, ContreetTM (Coloplast), 
Cutinova HydroTM, ActicoatTM, and AllevynTM (Smith & 
NepheW). 
The Webbing (1) may also be combined With products 

currently on the market in all their variations, for example 
With the folloWing Smith & NepheW products: Hydrogel 
bandagesTM, IntraSite ConformableTM®, IntraSite 
GelTMTM, hydro-selective Wound dressings, Cutinova 
HydroTM (for example, hydro cellular foam Wound dress 
ings), AllevynTM product group (for example, alginate, anti 
microbial Wound dressings, enZymatic debridement, odor 
resorbing bandages, post-operative-bandages), Cutiplast 
SterilTM, Hansapor SterilTM, OpSite Post-OpTM®, Pri 
maporeTM (for example, specialty bandages), Allevyn Tra 
cheostomyTM, Cavi-CareTM, and EXU-DRYTM. 

Thus, the Webbing (1) may be combined, for example, With 
polyurethane or PVA-sponge dressings to enhance resor 
bence in the case of heavily exudating Wounds. The afore 
mentioned advantages of the present invention are particu 
larly evident in the use of vacuum systems (for example, 
V.A.CTM), for example in the treatment of septic Wounds and 
Where antibiotic ?ushing is required. In addition, the Webbing 
may be combined With the alginate-tamponade described 
above as a covering for use in hydrocolloid Wound dressings. 
The shape of the multilayer-bandage may vary depending 

on the location of the Wound, as Well as its shape and siZe, to 
thereby obtain a maximally precise ?t With the anatomy of the 
Wound. One optional bandage shape is the butter?y bandage 
for application in the anal region. 

In one embodiment of the present invention, the aforemen 
tioned multilayer bandage has the folloWing structure: (i) a 
Webbing (1) for placement in direct contact With a Wound (4), 
and (ii) a ?rst membrane (3) Which is Water impervious and 
comprises at least one Water insoluble polymer, Wherein the 
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?rst membrane (3) is an adhesive plaster and comprises an 
adhesive portion that bonds With skin tissue at a Wound 
periphery. 

In another embodiment the ?rst membrane (3) does not 
comprises an adhesive portion and bonds With an adhesive 
Which is applied to the skin tissue at said Wound periphery, 
and Wherein a loose, frangible adhesive bond or no adhesive 
bond at all exists betWeen the ?rst membrane (3) and the 
Webbing (1). The term “loose, frangible adhesive bond” 
means an adhesive bond that is capable of being broken easily 
but does not necessarily imply an inherent Weakness. 
A preferred multilayer bandage of the present invention is 

one Wherein the ?rst membrane (3) is as described herein and 
Wherein the Webbing (1) comprises a biologically degradable 
and/or resorbable ?ber structure. This ?ber structure is 
obtained, for example, by draWing ?bers from a spun com 
position. A spun composition, as described herein, comprises 
one or more partially or completely hydrolytically condensed 
silicon compounds that are obtained by hydrolytic condensa 
tion of monomers of the general formula SiX4. SiX4 is a 
tetravalent compound comprising residues X1, X2, X3, and 
X4. In one embodiment of the present invention, residues X1, 
X2, X3, and X4 are identical. In another embodiment of the 
present invention, residues X1, X2, X3, and X4 are different. In 
a preferred embodiment of the present invention, residues X 1, 
X2, X3, and X4 are independently selected from the group 
consisting of hydroxyl, hydrogen, halogen, amino, alkoxy, 
alkyloxy, alkylcarbonyl and alkoxycarbonyl. As used herein, 
the term “halogen” refers to the elements including ?uorine 
(F), chlorine (Cl), bromine (Br) and iodine (I). The term 
“alkoxy” refers to alkyl radicals attached to the remainder of 
a molecule by an oxygen, e.g., ethoxy, methoxy, or n-pro 
poxy. The term “alkoxy” also refers to a heteroalkyl that 
contains one or more oxygen heteroatoms. 

In yet another embodiment tWo residues, for example X1 
and X2 are identical and tWo residues, for example X3 and X4 
are different. In another embodiment, three residues, for 
example X1, X2, and X3 are identical and one residue, for 
example X4 is different. 

In another embodiment, residues X1, X2, X3, and X4 are 
derived from an alkyl and can be interrupted by one or more 
oxygen atoms, sulfur atoms or amino groups. As used herein, 
the term “alkyl” refers to a straight or branched chain hydro 
carbon radical, and can include di-and multivalent radicals, 
having the number of carbon atoms designated (i.e. Cl-Cl0 
means one to ten carbons). Examples of saturated hydrocar 
bon radicals include groups such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, homologs and 
isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, 
and the like. 
A preferred multilayer bandage of the present invention is 

a multilayer bandage Wherein residues X1, X2, X3, and X4 of 
SiX4 are identical and are ethyl. 

l. Multilayer Bandages Wherein the Hydrolytic Conden 
sation Occurs in the Presence of Organic Compounds 

Hydrolytic condensation as described herein can be per 
formed in the presence of several organic compounds, pref 
erably nucleotides or amino acids and polymers thereof. The 
presence of the amino acid(s), and/ or peptide(s) and/or DNA 
molecules or DNA fragments leads to their incorporation into 
the ?bers. In one embodiment of the present invention, incor 
poration of these organic compounds is through covalent 
bonds. In another embodiment, incorporation is by non-co 
valent bonds. 

Once the multilayer bandage is applied to the Wound the 
amino acid(s), peptide(s), DNA molecule(s) or DNA frag 
ments are released from the bandage at a rate Which corre 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
sponds to the rate of degradation of the ?bers. The amount of 
amino acid(s), peptide(s), DNA molecule(s) or DNA frag 
ments released is determined by the amount of amino acid(s), 
peptide(s), DNA molecule(s) or DNA fragments incorpo 
rated into the ?bers While the rate of release from the ?bers is 
determined by the rate of degradation of the ?bers. 

Cell adhesion, an attribute of the ?ber as described above, 
enables to a signi?cant extent the take up of the amino acid(s), 
peptide(s), DNA molecule(s) and/or DNA fragment(s) into 
the proliferating cells. In particular this take-up ensures that 
the cells can be directly in?uenced by the peptide(s) or by the 
genetic information encoded by the nucleic acid. This is espe 
cially important and of use Where Wounds With reduced 
regional or even systemic metabolic rates are concerned, 
because it ensures, for example, an external supply to the 
Wound region of amino acids necessary in cell metabolic 
activity, making Wound healing feasible. 

a) Multilayer Bandages Wherein the Hydrolytic Conden 
sation Occurs in the Presence of One or More Amino Acids or 
Peptides 

In a preferred embodiment of the present invention, the 
multilayer bandage is a multilayer bandage Wherein the 
hydrolytic condensation occurs in the presence of one or more 
amino acids. In one preferred embodiment of this multilayer 
bandage, the residues X in the formula SiX4 are identical and 
are ethyl. 
The term “amino acid” refers to naturally occurring and 

synthetic amino acids, as Well as amino acid analogs and 
amino acid mimetics that function similarly to the naturally 
occurring amino acids. Naturally occurring amino acids are 
those encoded by the genetic code, as Well as those amino 
acids that are later modi?ed, e. g., hydroxyproline,Y-carboxy 
glutamate, and O-phosphoserine. “Amino acid analog” refers 
to a compound that has the same basic chemical structure as 
a naturally occurring amino acid, e.g., an a carbon that is 
bound to a hydrogen, a carboxyl group, an amino group, and 
an R group, e.g., homoserine, norleucine, methionine sulfox 
ide, methionine methyl sulfonium. Such analogs may have 
modi?ed R groups (e.g., norleucine) or modi?ed peptide 
backbones, but retain the same basic chemical structure as a 
naturally occurring amino acid. “Amino acid mimetic” refers 
to a chemical compound that has a structure that is different 
from the general chemical structure of an amino acid, but that 
functions similarly to a naturally occurring amino acid. 
Amino acids may be referred to herein by either their 

commonly knoWn three letter symbols or by the one-letter 
symbols recommended by the IUPAC-IUB Biochemical 
Nomenclature Commission. Nucleotides, likeWise, may be 
referred to by their commonly accepted single-letter codes. 

Another preferred multilayer bandage of the present inven 
tion is a multilayer bandage Wherein the hydrolytic conden 
sation occurs in the presence of one or more peptides. In one 
preferred embodiment of this multilayer bandage, the resi 
dues X in the formula SiX4 are identical and are ethyl. 
The terms “peptide,” “polypeptide” and “protein” are used 

interchangeably herein to refer to a polymer of amino acid 
residues. The terms apply to amino acid polymers in Which 
one or more amino acid residue is an arti?cial chemical 
mimetic of a corresponding naturally occurring amino acid, 
as Well as to naturally occurring amino acid polymers, those 
containing modi?ed residues, and non-naturally occurring 
amino acid polymer. 

Macromolecular structures such as polypeptide structures 
can be described in terms of various levels of organiZation. 
Fora general discussion of this organiZation, see, e. g.,Alberts 
et al., MolecularBiology ofthe Cell (3rd ed., 1994) and Cantor 
& Schimmel, Biophysical Chemistry Part1: The Conforma 








